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Method and system for receiving an ultra-wideband signal with 



The invention relates to a method and system for receiving an 
ultra-wideband signal with a self -adapting number of 
propagation paths. 

The technique of radio communications using an ultra-wideband 
signal, also referred to as UWB in English, does not use a 
carrier frequency. Instead of modulating a signal or 
supporting carrier wave, the information to be transmitted is 
transmitted directly in baseband, using support pulses having 
a very short duration of less than one nanosecond, and 
therefore a very large bandwidth of several GHz . 

Since these pulses are transmitted at low power, the spectral 
density of the power of the transmitted signal is 
consequently very low. 

A UWB signal is thus not a continuous signal, but instead a 
sequence of very brief pulses having a very low cyclical 
ratio. 

Multiple access to the transmission by a signal of this type 
is conventionally carried out by means of time leaps (Time 
Hopping) controlled by a pseudo random sequence. The signal 
may be modulated in terms of amplitude by the form factor or 
even the delay of the successive pulses. 



a self -adapting number of propagation paths 



In contrast with the concepts of the basic techniques which 
use a carrier wave, the techniques for transmitting and 
receiving UWB signals are the only techniques of this kind 
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and are similar to the techniques for detecting spectrum 
spreading signals . 

In particular, the w comb-type" receivers for UWB signals are 
designed to operate in environments with interference in 
which the topology of the location in which they are used 
produces complex transmission channels which are variable or 
slowly variable owing to numerous multiple secondary 
propagation paths, and prevents, in practice, the existence 
of a propagation path which is directly visible. 

To this end, the receivers for UWB signals known from the 
prior art thus conventionally have a structure referred to as 
being of the "comb-type" which is derived from those used for 
the receivers of spectrum spreading signals. 

As illustrated in Figure 1A, the UWB receivers mentioned 
above comprise a branch for receiving via a comb "member" , 
each receiving branch processing a given receiving path. The 
outlet of each of the receiving branches is recombined, after 
weighting, ot lt o?j , a N/ in accordance with the strategy pursued 
by the designer of the receiver. 

In order to ensure correct operation of the receiver, it is 
necessary to allocate one of the receiving branches for 
searching for new secondary and/or principal propagation 
paths for pulses. For a "comb-type" UWB receiver having "N" 
members or paths, it is therefore necessary to provide N+l 
receiving branches. 

As also shown in Figure IB, in the case of a comb- type UWB 
receiver, a receiving branch is constituted by an analogue 
correlator, a correlation pattern generator and an analogue 
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integrator. The tracking of the path relative to the 
receiving branch in question is brought about by the control 
logic of the receiver. 

When the comb-type UWB receiver is synchronised, the control 
logic of the receiver brings about the production of a 
pattern corresponding to the arrival times of a pulse. That 
produces a correlation pattern configured in order to have a 
high intercorrelation value with the pulse received and an 
intercorrelation value of zero in the presence of white noise. 
A high intermediate intercorrelation value indicates the 
presence of a direct or secondary pulse. 

Figure 1C illustrates, by way of example, an example of this 
principle in the case of a 2 -PPM digital modulation, the 
transmission of binary values 0 and 1 being illustrated by 
the transmission of two pulses A and B which are staggered 
over time. 

The correlation pattern is configured so that the value of 
the intercorrelation coefficient is positive in the presence 
of a non- staggered pulse (A) corresponding to the 
transmission of a zero value, but negative in the presence of 
a staggered pulse (B) corresponding to the transmission of a 
value one, and zero when there are no pulses. The correlation 
pattern is thus symmetrical relative to a centre of symmetry. 

However, since a symbol is most often coded over several 
pulses, it is necessary to integrate the values obtained for 
the intercorrelation coefficient for each pulse relative to 
the same symbol and, in this manner, to obtain a global 
correlation coefficient value for the symbol. This value is 
transmitted to the control logic of the receiver in order to 
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be interpreted at that location in accordance with the coding 
method used and thus to find the symbol transmitted. 

Another specific example illustrated in the case of a PPM 
modulation with two simultaneous users each having a pseudo 
random sequence is illustrated in Figure ID. In this example, 
the symbol is repeated three times, each user therefore 
transmitting three pulses which represent the same symbol. 
Consequently, the symbol time T s is divided into three frames 
Tf in which each user codes a single unique pulse. 

The location of this pulse in the frame T f is fixed relative 
to elemental frame intervals by the value of the pseudo 
random sequence belonging to each user. Finally, each pulse 
is staggered by a length of time 6 relative to the start of 
each elemental frame interval when the binary transmission 
illustrated is that of the value 1 instead of the value 0, 
when there is no staggering operation. 

The comb-type UWB receivers mentioned above involve an 
excessively high level of complexity since each additional 
member presupposes the integration of an additional receiving 
branch. Consequently, there is a relatively strict limit on 
the number of members that a receiver of this type can have 
in view of the constraints in terms of integration, spatial 
requirement, cost and consumption. 

In practice, it is rare to be able to have a comb- type UWB 
receiver having more than 4 members, that is five operational 
receiving branches . 

Receivers of this type are therefore limited to high-level 
uses in which the criterion of cost is secondary compared 
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with that of overall effectiveness in terms of connection 
quality. 

Comb- type UWB receiver solutions which are completely digital 
have been envisaged, in which the signal received is directly 
digitised at the output of the antenna. Although, owing to 
the purely software-based processing of the above -mentioned 
digitised signal, the structure of receivers of this type no 
longer corresponds to the traditional comb- type architecture, 
solutions of this type are not currently viable since current 
analogue/digital converters are not suitable for a use of 
this type, and the digital processing operations which are to 
be carried out on the above-mentioned digital signals cannot 
be carried out in real time by the current digital signal 
processors . 

The object of the present invention is to overcome all of the 
disadvantages of the prior art in using comb- type UWB signal 
receivers . 

In particular, one aspect of the present invention is the use 
of a method and system for receiving an ultra-wideband UWB 
signal whose physical architecture is significantly 
simplified compared with that of the comb-type UWB receivers 
from the prior art. 

Another aspect of the present invention is the use of a 
method and system for receiving a UWB signal by means of 
which the operational costs are substantially reduced owing 
to the above-mentioned simplification. 

Another aspect of the present invention is the use of a 
method and system for receiving an ultra-wideband signal by 
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means of which, in spite of the significant simplification of 
the structure used, a significantly improved quality of 
connection and overall effectiveness is achieved, owing to 
the absence of physical limitation of the number of principal 
and secondary propagation paths effectively processed. 

Finally, another aspect of the present invention, owing to 
the absence of physical limitation of the number of effective 
principal and secondary paths mentioned above, is the use of 
a method and system for receiving an ultra-wideband signal 
with a self -adapting number of effectively processed 
propagation paths, which allows the quality of the radio 
connection between the transmitter and the receiver to be 
optimised, even in the presence of a transmission channel 
originating from a harsh and variable environment. 

The method and system for UWB reception to which the present 
invention relates are used for the radio connection of all 
types of domestic or professional equipment, in particular in 
an environment which corresponds to a channel for 
transmission by radio/microwave means which is variable or 
subjected to a great deal of interference. 

They will be better understood from a reading of the 
description and examination of the Figures below, in which, 
in addition to Figures 1A to ID relating to the prior art: 

- Figure 2 is, by way of example, a flow chart of the steps 
necessary for carrying out the method to which the present 
invention relates ; 

Figures 3A to 3D illustrate, purely by way of example, timing 
diagrams for the detection of symbols which are transmitted 
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along multiple paths, based on a composite correlation 
pattern, in accordance with the method to which the present 
invention relates, in the case where the transmission is 
carried out, by way of non-limiting example, in 2-PPM mode, 
the direct and secondary pulses which are propagated along a 
direct and secondary path being taken into account; 

- Figure 4A illustrates, purely by way of example, the 
operational diagram, in the form of block diagrams, of a 
system for receiving a UWB signal having a self -adapting 
number of propagation paths, in accordance with the subject- 
matter of the present invention; 

- Figure 4B illustrates, by way of example, a flow chart for 
carrying out the operation of the system to which the 
invention relates, as illustrated in Figure 4A. 

A more detailed description of the method and system for 
receiving an ultra-wideband signal, according to the subject- 
matter of the present invention, will now be given with 
reference to Figure 2 and the following Figures. 

Generally, it should be noted that the process for 
transmission of the ultra-wideband signal corresponds to that 
previously described with reference to Figures 1A to ID, the 
receiving method to which the invention relates allowing, 
under these conditions, a series of modulated successive 
direct pulses to be received over a symbol time T s , each 
pulse being propagated along at least one direct propagation 
path, with which series a plurality of separate successive 
secondary pulses are associated, each being propagated along 
a secondary propagation path separate from the direct 
propagation path. 
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It should be appreciated in particular under these conditions 
that each direct pulse corresponds to the shortest 
propagation time, each separate successive secondary pulse 
associated with the above-mentioned direct pulse then being 
successively staggered over time relative to the time at 
which the direct pulse is received with which the secondary 
pulses are associated. 

The direct and secondary propagation paths provide no 
indication at all of the number of reflections of the 
corresponding pulse which is propagated over these paths. 
However, the separate successive secondary pulses are 
produced by a significantly increasing number of reflections, 
each reflection being the source of attenuation, and the 
separate successive secondary pulses are considered to have 
an amplitude or energy which decreases substantially in 
accordance with the order of reception thereof. 

Consequently, the transmission of pulses IDij was considered, 
these pulses corresponding, for example, to the transmitted 
pulses as illustrated in Figure ID when the modulation is, 
for example, of the type 2 -PPM. In the notation above, the 
subscript i refers to the user 1 or 2 , in the case of Figure 
ID, and the subscript 2 refers to the order of the pulse 
transmitted in each frame T f in accordance with the pseudo 
random code allocated to each user. 

By way of non- limiting example and in order to simplify the 
description, the pseudo random code is considered which is 
allocated to each of the users i=l, i=2 in Figure ID 
corresponding successively to the constituent frames of the 
symbol time, the pseudo random code for each user mentioned 
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above being j=l, 3, 7 for user 1, then j=5, 4, 1 for user 2, 
respectively. 

The time staggering 6 is the same as in the case of Figure ID 
for reasons of simplification. 

With reference to Figure 2, the method to which the invention 
relates then consists in receiving, in a step A, the series 
of modulated successive direct pulses and the plurality of 
secondary pulses associated with each of the modulated 
successive direct pulses on the same receiving circuit. 

Under these conditions, the series of direct pulses and 
associated secondary pulses is designated: 

In this notation, i. and j_ represent the user reference, and 
the frame reference in the symbol time T s , respectively, and 
k represents the order of the received pulse, direct pulse 
and/or secondary pulse. 

Conventionally, it has been shown that the order of the 
direct pulse, in each frame T f , is arbitrarily taken to be 
equal to 0, that is k=0, the successive separate secondary 
pulses of the order k=l to N, for example. 

The receiving step A is then followed by a step B which 
consists in producing, by means of calculation, a composite 
correlation pattern which is constituted by a series of 
elemental correlation patterns. 
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Generally, it has been shown that each elemental correlation 
pattern corresponds, in the non- limiting example of the 2 -PPM 
modulation, to the signal referred to as the template, which 
is illustrated in Figure 1C. 

More precisely, it has been shown that the series of 
elemental correlation patterns comprises a first elemental 
correlation pattern which is associated with each direct 
pulse, that is to say, with any pulse which corresponds in 
terms of position in each frame T f to the position given by 
the pseudo random code allocated to each user and, of course, 
successive elemental correlation patterns which are each 
associated with a successive secondary pulse of the order k, 
ke [1,N] . 

Of course, the successive elemental correlation patterns 
associated with each secondary pulse are staggered over time 
relative to the first elemental correlation pattern which is 
associated with the direct pulse by a value corresponding to 
the difference in the propagation time between, on the one 
hand, the propagation time of the direct pulse of the order 
k=0 on the direct propagation path, and, on the other hand, 
the propagation time of the associated secondary pulse having 
a successive order ke[l,N] on the corresponding secondary 
propagation path. 

With reference to Figure 2, in step B, the composite 
correlation pattern is referred to by the notation: 

- {MCCijk}*-^ 

In order to produce the composite correlation pattern 
mentioned above, by way of non-limiting example, all of the 
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direct and secondary pulses received over a symbol time are 
detected by means of sliding correlation. It has been found 
that the calculation carried out in this manner over a symbol 
time can then be used for the following symbol time owing to 
the fact that, over a symbol time, or if necessary, over two 
consecutive symbol times, the transmission channel is 
considered to be substantially invariable. The process for 
carrying out and calculating the composite correlation 
pattern will be described in greater detail in the 
description . 

Step B is then followed by step C which consists in 
calculating the value of the global intercorrelation 
coefficient between each direct pulse associated with the 
plurality of secondary pulses and the composite correlation 
pattern. 

In step C of Figure 2, this operation is designated: 

- GCC = £ 7i V* MCC ijk 

In the relationship above, it is indicated that GCC 
designates the value of the global intercorrelation 
coefficient obtained between each direct pulse associated 
with the plurality of secondary pulses and the composite 
correlation pattern mentioned above. 

It is indicated that the value of the global intecorrelation 
coefficient GGC is thus constituted by the sum of the 
intercorrelation coefficients of each of the direct and 
secondary pulses obtained for each of the modulated pulses 
transmitted for the same symbol and represents a global 
correlation value for the symbol transmitted for each user. 
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The operation for calculating the global intercorrelation 
coefficient thus comprises, with reference to step C of 
Figure 2, the calculation of the elemental intercorrelation 
coefficient between each elemental intercorrelation pattern 
and the direct or secondary pulse associated with each of the 
elemental intercorrelation patterns, then the integration, 
over the symbol time T s , of all the elemental 
intercorrelation coefficient values. 

An illustration of the implementation of steps A, B and C 
illustrated in Figure 2 will now be given with reference to 
the pulse timing diagrams illustrated in Figures 3A, 3B, 3C, 
and 3D. 

Figure 3A illustrates the series of modulated successive 
direct pulses and secondary pulses associated with each of 
the direct pulses in the non-limiting example of Figure ID. 

The direct pulses of the order k=0 produced for the users 1 
and 2 are illustrated differently by means of hatching and 
points, the secondary pulses of the order k>l being limited 
to k=3 so as not to excessively complicate the drawing. 

It should be appreciated, in particular, that the position of 
the secondary pulses, such as ID m to ID n3 , can be any 
position relative to any subsequent direct pulse k=0. 

Under these conditions, the time staggering 5 Uf d 12 , 9 13 , and 
621 , 022, 023 for each secondary pulse associated with the 
corresponding direct pulse is repeated over each successive 
frame interval T f without any change with reference to the 
above-mentioned convention . 
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In this manner, the composite correlation pattern as 
illustrated in Figure 3B can be produced in the following 
manner : 

- locking of each elemental correlation pattern on each 
direct pulse of the order k=0; 

- calculating the intercorrelation coefficient for successive 
elemental correlation patterns produced, for example, at time 
intervals which correspond to the time resolution of a 
constituent template for each elemental correlation pattern, 
as illustrated in Figure 1C; 

- selecting only the successive elemental correlation 
patterns whose intercorrelation product is greater than a 
threshold value, for example, in order to constitute the 
composite correlation pattern, as illustrated in Figure 3B. 

It should be appreciated, under these conditions, that the 
composite correlation pattern mentioned above is constituted 
substantially by elemental correlation patterns produced at 
the time when not only the direct pulses of the order k=0 
appear, but also the secondary pulses of the order k>l for 
which the intercorrelation coefficient with an elemental 
correlation pattern is greater than the above-mentioned 
threshold value . 

The process for calculating the value of the global 
intercorrelation coefficient GCC is then carried out, as 
illustrated in Figures 3C then 3D, for each user and, of 
course, for the direct pulses and the secondary pulses 
associated therewith based on the composite correlation 
pattern illustrated in Figure 3B and the succession of pulses 
mentioned above. 
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Generally, it is indicated that, whilst the synchronisation 
of the composite correlation pattern is carried out 
substantially over a symbol time, based on direct pulses and, 
of course, pseudo random codes allocated to each user, the 
discrimination of the order of the secondary pulses is not 
indispensable, only the position of these pulses in a symbol 
time T s ultimately being taken into consideration. 

The method to which the present invention relates thus 
appears particularly remarkable in that the number of pulses 
which are finally retained in order to ensure the calculation 
operation for the composite correlation pattern, then the 
value of the global intercorrelation coefficient can be high 
and readily selected, for example, at a number of 10 
secondary pulses for each direct pulse in accordance with the 
characteristics for use and for carrying out the method to 
which the invention relates. 

In particular, the selection of the number of pulses retained 
can be guided by considerations relating to either the level 
of amplitude and/or energy of the secondary pulses or, more 
simply, to the effective number of retained pulses. 

In this manner, for a countable group of direct and secondary 
pulses, taking into account the time discrimination of two 
successive pulses, the method to which the invention relates 
can consist in retaining the first N paths, the first N paths 
mentioned above comprising the direct path of the order k=0, 
which corresponds to the shortest propagation time for the 
associated modulated pulse, and N-l secondary paths which 
each correspond to a propagation time for a secondary pulse 
which increases successively. 
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In this solution, with reference to Figures 3A and 3B, it is 
indicated that the number of secondary pulses retained may 
consist in discriminating any direct pulse from the same 
frame and retaining the secondary pulses which are between 
two successive direct pulses or even three successive direct 
pulses. The number of secondary pulses retained in this 
manner allows the first N paths to be defined and retained. 

Another possibility for selecting the number of secondary 
pulses may consist, for the countable group of direct pulses 
and secondary pulses taken - into consideration, in retaining N 
paths for which the amplitude or the energy of the direct 
pulse or secondary pulses is at a maximum. 

An operating method of this type consists, of course, in 
addition to discriminating the amplitudes or energy of direct 
pulses of the order k=0 which are considered as maximum 
values, in discriminating the secondary pulses in accordance 
with the amplitude and/or energy thereof in order to retain 
the N pulses having the best amplitude and/or energy. 

However, it should be appreciated that discrimination using 
only the number N of secondary pulses associated with a 
direct pulse is likely to be found to be less effective with 
regard to the implementation of the method to which the 
invention relates than discrimination using a criterion of 
amplitude and/or energy of the above-mentioned pulses. 

In any case, the number N of paths retained may be adapted 
either in accordance with a selection criterion of the first 
N paths in order to carry out more rapid processing, or, 
conversely, in accordance with a selection criterion of N 
paths which correspond to a maximum amplitude and/ or energy 
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of the direct pulse and the secondary pulses in accordance 
with the propagation conditions. An operating method of this 
type thus allows the quality of the connection via ultra- 
wideband signal to be optimised. 

With regard to the operation for calculating the composite 
correlation pattern, as illustrated in the timing diagram in 
Figure 3B, it is indicated that this process consists in 
establishing, by means of correlation over at least one 
symbol time T s , an image of the transmission channel in terms 
of direct pulses or secondary pulses, of the propagation time 
and the difference in propagation time between successive 
direct pulses and secondary pulses, then updating, by means 
of sliding correlation, the image of the transmission channel 
in order to update the appearance and disappearance of the 
secondary propagation paths, if necessary, direct propagation 
paths, and to establish, over at least one symbol time, the 
composite correlation pattern as an updated image of the 
transmission channel . 

A more detailed description of a system for receiving an 
ultra-wideband signal which is representative of the symbols, 
to which the present invention relates, will now be given 
with reference to Figures 4A and 4B. 

As illustrated in Figure 4A above, the system to which the 
invention relates comprises common receiving circuits for the 
series of modulated successive pulses, direct pulses of the 
order k=0 and secondary pulses of the order k>0. 

By way of non- limiting example, the common receiving circuits 
comprise an antenna A n and a low-noise amplifier LNA which 
constitutes an antenna amplifier. 
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They further comprise a means 1 for acquiring and updating, 
over at least one symbol time T s , an image of the 
transmission channel in terms of direct pulses or secondary 
pulses, of the propagation time and the difference in 
propagation time between successive direct pulses and 
secondary pulses. 

As mentioned above with regard to the method to which the 
invention relates, the acquisition and updating means 1 
allows the appearance and disappearance of secondary 
propagation paths and the principal propagation path to be 
updated by means of sliding correlation, and, of course, a 
composite correlation pattern to be established over at least 
one symbol time, this being the pattern MCC ijk mentioned above 
in the description. 

As illustrated in Figure 4A, the acquisition and updating 
means 1 allows a path list signal representing the image of 
the transmission channel to be transmitted, the path list 
being designated LT in Figure 4, this list being transmitted, 
for example, for each symbol time T s . 

By way of non- limiting example, it is indicated that the path 
list signal may correspond to the designation of the times, 
over the symbol time, at which each elemental correlation 
pattern must be successively brought about in order to 
produce the above-mentioned composite correlation pattern 
MCCi jk . 

In the same manner as the composite correlation pattern MCCij k , 
it is indicated that the times designated by the path list 
signal LT are, of course, staggered over time relative to the 
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time of the first elemental correlation pattern associated 
with each direct pulse by the difference in propagation time 
between the propagation time of the direct pulse over the 
direct propagation path and the propagation time of the 
associated secondary pulse which is propagated over the 
corresponding secondary propagation path. : 

Furthermore, the system to which the present invention 
relates comprises a single correlation means 2 which receives 
the path list signal for direct and secondary propagation 
paths LT, the single correlation means 2 allowing the value 
to be calculated for the global intercorrelation coefficient 
GCC between each direct pulse associated with the plurality 
of secondary pulses and the composite correlation pattern 
MCC ijk . 

A more detailed description of the acquisition and updating 
means 1 will now be given below, with reference to the same 
Figure 4A. 

According to a first embodiment, the acquisition and updating 
means 1 mentioned above comprises a global acquisition and 
tracking correlation means, which is designated li and which 
receives the series of successive pulses transmitted by the 
common receiving circuits and which transmits a global 
acquisition correlation coefficient value designated GACi . 

More precisely, it is indicated that, in a similar manner to 
the devices of the prior art, as illustrated in Figure IB, 
the global acquisition correlation means li comprises a 
correlator l 12t an integrator or summing integrator 1 13 and a 
generator In for an elemental synchronisation pattern SEMi . 
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The acquisition and updating means 1 further comprises a 
channel scanning and tracking module 1 0 which receives the 
global acquisition correlation coefficient value GACi 
transmitted by the global acquisition and tracking 
correlation means li. mentioned above, as well as the global 
intercorrelation coefficient value GCC transmitted by the 
single correlation means 2. 

The channel scanning and tracking module 1 0 transmits the list 
of direct and secondary propagation paths LT, described above 
in the description with regard to the implementation of the 
method to which the invention relates, and a synchronisation 
signal STi over the symbol time, to the elemental 
synchronisation pattern generator In, which constitutes the 
acquisition and updating means li. 

In particular, the synchronisation signal ST X corresponds to 
the timing diagram illustrated in Figure 3B in position (1) . 

Under these conditions, the elemental synchronisation pattern 
generator l X i transmits, after acquisition of the image of 
the channel by means of sliding correlation, a group of 
elemental synchronisation patterns SEMi which forms an 
acquisition correlation pattern which substantially 
corresponds to the existence of an elemental correlation 
pattern produced at the time at which the existence of each 
direct pulse or secondary pulses associated therewith can be 
predicted, in the absence of any significant variability of 
the transmission channel. 

For a more detailed description of a process of acquisition 
and tracking by means of sliding correlation, reference can 
advantageously be made to the article entitled "Rapid 
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Acquisition for Ultra -Wideband Localizers", by Robert Fleming, 
Cherie Kushner, Gary Roberts, Uday Nandiwada, AEther Wire & 
Location, Inc., for example. The above-mentioned article is 
available at the Internet site http://www.aetherwire.com 

By way of non- limiting example, it is indicated that the 
synchronisation signal STi is, of course, synchronised over 
the symbol time. 

To this end, the channel scanning and tracking module 1 0 may, 
based on the pseudo random codes of each of the users, and 
therefore the position of the direct pulses produced by each 
of them, then based on the path list LT, produce a 
synchronisation signal STi, as described above in the 
description . 

In one production variant, the selection of the times at 
which the elemental synchronisation patterns are created, as 
illustrated in position (2) of Figure 3B, can be carried out 
based on the pseudo random codes held by the elemental 
synchronisation pattern generator In, the synchronisation 
signal ST X then being reduced to a series of successive 
equidistant pulses which constitute a time base, for example, 
the equidistant pulses being separated by a time period which 
corresponds to the discrimination resolution of two 
successive direct and/or secondary pulses. These pulses are 
repeated at each symbol time T s . 

It will thus be appreciated that the signal illustrated in 
Figure 3B in position (2) corresponds to an acquisition 
correlation pattern transmitted by the elemental 
synchronisation pattern generator In to the correlator 1 22 of 
the global acquisition correlation means. 
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The operating method mentioned above allows the path list 
signal LT to be updated by means of sliding correlation for 
the following symbol time based on the global correlation 
coefficient value GCC transmitted by the single correlation 
means for the preceding symbol time, in accordance with the 
appearance and/or disappearance of direct and secondary 
propagation paths in accordance with the variability of the 
transmission channel . 

It should be appreciated in particular that, in the steady 
state, that is to say, when the transmission channel is not 
variable, the path list signal LT is substantially invariable 
from one symbol time to another. 

Conversely, when a secondary pulse disappears or appears, for 
example, the acquisition correlation pattern transmitted to 
the correlator l i2 is modified as well as, of course, the 
corresponding global correlation coefficient value GACi. 

Comparison of the correlation coefficient values GCC and GACi 
therefore allows the modification of the acquisition 
correlation pattern to be retained and, of course, the path 
list signal LT to be updated for the following symbol time in 
order to ultimately allow the correlation process for the 
single correlation means 2 to be updated. 

In any case, it should be appreciated that, after the channel 
has been established in a position of equilibrium, that is to 
say, when the channel is not variable, the path list signal 
LT transmitted by the channel scanning and tracking module is 
formed by the composite correlation times with the series of 
successive pulses received, for which the global 
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intercorrelation coefficient value GCC transmitted by the 
single correlation means is at a maximum. 

With regard to the single correlation means, it is indicated, 
as illustrated in Figure 4A, that this comprises, in a 
similar manner to the global acquisition correlation means, a 
correlator 2 2 which receives the series of successive pulses 
from the common receiving circuits, an integrator or summing 
integrator 2 3 allowing the global correlation coefficient 
value GCC to be calculated based on the elemental correlation 
values transmitted by the correlator 2 2 and a symbol decision 
circuit 2 4 which receives the global correlation coefficient 
value GCC. 

Furthermore, the single correlation means 2 comprises a 
reception control circuit 2 0 which receives the path list 
signal LT described above, and an elemental correlation 
pattern generator 2i which receives the signal transmitted by 
the reception control module 2 0 . The elemental correlation 
pattern generator 2 X transmits the composite correlation 
pattern 2i as illustrated at point (2) of Figure 3B. 

With regard to the reception control module 2 0 , it is 
indicated that the module, based on the path list signal LT, 
allows a series of trigger pulses to be transmitted which 
correspond to the correlation times defined above in the 
description. The series of pulses obtained in this manner 
allows the composite correlation pattern to be produced, as 
illustrated for example, at point (2) of Figure 3B, based on 
elemental correlation patterns produced for each trigger 
pulse transmitted by the reception and control module 2 0 . 



Finally, in one variant for using the device to which the 
present invention relates, it is indicated that, as 
illustrated in Figure 4A, the device may comprise a plurality 
of global acquisition and tracking correlation means, the 
means li described above and 1 2 being illustrated with dotted 
lines. The global acquisition and tracking correlation means 
is/are identical to the means li described above and, for 
this reason, has/have similar references, 1 2 2 for the 
correlator, 1 2 3 for the integrator or summing integrator, l 2 i 
for the elemental synchronisation pattern generator, SEM 2 for 
the elemental synchronisation patterns. 

Two or more global acquisition and tracking correlation means 
may be provided, the channel scanning and tracking module 1 0 
being common to all the means mentioned above. 

In a situation of this type, the channel scanning and 
tracking module 1 0 receives the value of the corresponding 
global acquisition correlation coefficients designated GACi, 
GAC 2 in Figure 4A, but instead transmits a plurality of 
synchronisation signals STi, ST 2 as set out in the above- 
mentioned Figure. 

In this manner, each global acquisition and tracking 
correlation means li, 1 2 , and of subsequent order, comprises 
an elemental synchronisation pattern generator In and l 2i 
which is associated therewith. Each of these receives a 
specific correlation time list signal transmitted by the 
channel scanning and tracking module 1 0 , that is to say, the 
signals STi and ST 2 and subsequent ones. These signals may 
advantageously correspond to time segments which are 
staggered, such as the frame segments, for example, these 
segments being successive and complementary. This allows a 
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series of successive elemental synchronisation correlation 
patterns to be produced by means of complementary successive 
segments of time, by means of sliding correlation, and, in 
this manner, allows the time for acquisition of the image of 
the transmission channel to be divided by the number of 
global acquisition and tracking correlation means which 
constitute the plurality of global acquisition and tracking 
correlation means. 

The operating method of the system to which the invention 
relates, as illustrated in Figure 4A, can therefore be 
illustrated by Figure 4B in the following manner. 

When the connection is established, an initialisation step 
100 is called, in which the receiving system illustrated in 
Figure 4A is initialised, in particular, for example, the 
calculation values are all reset to zero. 

Step 100 is followed, once initialisation is complete, by 
step 101 for probing the channel and searching for 
synchronisation by means of sliding correlation, as mentioned 
above in the description. This step is carried out, as 
described above in the description, based on the pseudo 
random codes used for each of the users and, of course, the 
position of the pulses received, transmitted and therefore 
received, taking into account the pseudo random code 
mentioned above. The appearance of a main correlation peak 
allows the receiving system to which the invention relates to 
be synchronised, as illustrated in Figure 4A, on the 
transmitter, by detecting and marking the principal path 
following the detection of the position of each principal 
pulse. In this situation, the secondary correlation peaks, 
which indicate the existence of secondary propagation paths, 



are then detected and the value of the global correlation 
coefficient GCC and the global acquisition correlation 
coefficient GAC are then updated as a result. 

The channel scanning and tracking module 1 0 then allows the 
paths to be processed to be identified, and optionally a 
weighting coefficient to be assigned to them, in the same 
manner as for the devices from the prior art, and the 
respective propagation time to be noted as mentioned above in 
the description for the successive pulses. 

It should be noted that, in accordance with a specific 
operational method for the method and system to which the 
present invention relates, the selection of the paths may be 
carried out either by retaining the N strongest paths or the 
first N paths or, if necessary, a compromise between the two. 

After synchronisation has been carried out, and with 
synchronisation being achieved, step 101 is followed by a 
mono-path receiving step 102 during which the selection of 
the paths may be carried out . 

By way of non- limiting example, a particularly advantageous 
selection process may consist in processing the first path 
reached, then adding the following paths one by one until 
taking the supplementary paths into account no longer 
increases the global signal-to-noise ratio. 

When, after the step 102 has been carried out, the mono-path 
reception is acquired, that is to say, the main paths have 
been received and the selection of the propagation paths for 
secondary pulses is also established, the above-mentioned 
selection can then be used. 
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In this situation, one of the correlators, correlator 2 2 of 
Figure 4A, then operates in receiving mode, whilst the 
correlator 1 12 of the acquisition and tracking correlation 
means li operates by means of sliding correlation in order to 
keep the image of the transmission channel updated. This 
operation is carried out at step 103 of Figure 4B, the 
reception then being carried out in multi-path mode. 

It should be appreciated, in particular, that the channel 
scanning and tracking module allows the appearance or 
disappearance of propagation paths to be detected, and allows 
the above mentioned paths to be tracked. The tracking of the 
paths may be carried out according to the criterion of energy 
or signal-to-noise ratio mentioned above in the description. 

It should thus be appreciated that the channel scanning and 
tracking module 1 0 thus allows dynamic processing of the 
paths to be provided, allows the weighting coefficients to be 
assigned and modified when they are used and allows the list 
of paths processed to be changed, the path list signal LT 
thus being modified for re-updating. 

It should be appreciated, under these conditions, that the 
tracking process employed in this manner with regard to 
updating the image of the transmission channel allows the 
objectives of connection quality to be preserved. 

The operation 103 is followed by a multi-path receiving 
operation 104 which consists in updating the selection of the 
paths, that is to say, the path list LT. The arrow returning 
from step 104 to step 103 in Figure 4B illustrates the 
continuous character of the multi-path reception and, of 



course, the scanning of the channel and updating of the path 
list LT. 

Ultimately, when the communication is terminated, a return to 
the initialisation step is again carried out if necessary. 

With reference to Figure 4B, it is indicated that, in the 
case of a rapidly developing transmission channel, that is to 
say, a channel having great variability, the process for 
tracking the transmission channel can be accelerated to a 
large extent by using a plurality of global acquisition 
correlation means 1 1# 1 2 or the like. 

In the example of use of a 2 -PPM modulation for transmitting 
UWB pulses and a repetition of three frames per symbol, it 
may be possible to use a global correlation means for 
acquisition and tracking by frame and by frame time, for 
example . 

Finally, when weighting of the significance of each of the 
retained paths selected by the scanning and tracking module 
1 0 is retained, this weighting operation can be implemented 
at the elemental correlation pattern generator 2 1 of the 
single global correlation means 2, it then being possible to 
apply, to each elemental pattern, at the generator 2 1 
mentioned above, an amplitude which is proportional to the 
weighting coefficient of the associated path. In this 
situation, a device for controlling the amplitude of the 
pattern, illustrated at 2 ia in the drawing, can be added if 
necessary. 

A method and system for receiving an ultra-wideband signal 
have thus been described representative of symbols, which is 
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particularly effective in that the number of correlation 
means may be substantially reduced to two, a single 
correlation means ensuring the actual reception and a global 
acquisition correlation means, as described above. 
Furthermore, the method and system to which the invention 
relates appear to be particularly advantageous in so far as 
the number of paths processed is adaptive, the adaptive 
character resulting from the capacity for selecting and 
adapting the number of receiving paths processed during 
operation . 

In this manner, a receiver which is in accordance with the 
subject-matter of the present invention is suitable for 
modifying its characteristics in a dynamic manner and 
therefore adapting in an effective manner to the operation 
conditions dictated by the nature of the parameters, such as 
the connection quality, constraints of autonomy and 
variability of the transmission channel. Finally, the number 
of paths processed is not limited by contingencies of 
physical implementation, but instead by criteria relating to 
the value of signal-to-noise ratio or specific energy 
criteria, for example. 



